rabbits, hamsters, and humans were quantitatively examined with the direct fluorescent-antibody-T. pallidum test conjugate absorbed with Treponema phagedenis, the Reiter treponeme. For indirect staining, a serum specimen from a patient with syphilis absorbed by affinity chromatography with T. phagedenis was used as the primary reagent, and a fluorescein isothiocyanate-labeled rabbit anti-human globulin was used as the secondary reagent. Serum specificity was established first by examining antigen smears of T. pallidum subsp. pallidum, T. pallidum subsp. pertenue, B. burgdorferi, T. phagedenis, and Treponema denticola MRB and then by examining tissues infected with these pathogens plus those infected with four Leptospira serovars. When we stained tissue using the direct IFA method that is currently a standard method for the examination of chancre smears, we found it to be unsuitable for use with tissue. Trypsin digestion did not offer an improvement over the NH40H pretreatment method in the specific identification of T. pallidum by direct IFA. However, specific identification of T. pallidum in tissue sections was obtained by the indirect IFA technique after either trypsin or NH40H pretreatment.
Treponema pallidum subsp. pallidum infections have increased in number. In 1989 there were nearly 43,000 confirmed cases reported in the United States; this exceeded the number reported for any year since World War 11 (2) . Recent reports have alerted us that syphilis may be easily overlooked in teenagers, in whom the disease often presents with atypical characteristics (24, 25) . Generally, the manifestations of syphilis are recognizable, but in some cases the clinical disease mimics other infections, and serologic tests may not be able to resolve the coinfection. For example, up to 22.5% of serum specimens from patients with Lyme disease have shown cross-reactivity by the fluorescent treponemal antibody-absorption test (11, 23) . In addition, the standard tests for syphilis may fail to react in early primary syphilis in humans with or without human immunodeficiency virus infection. Although these tests have rarely, if ever, been reported to be falsely nonreactive in human immunodeficiency virus-seronegative patients with secondary syphilis (14) , delayed development of an expected serologic reaction for syphilis in an human immunodeficiency virus-seroreactive person was reported by Hicks et al. (8) . For these reasons, a rapid and specific test for identifying T. pallidum in Formalin-fixed tissues is needed. T. pallidum in chancre smears (15) can easily be stained with specific fluorescein-labeled anti-T.pallidum conjugate absorbed with Treponema phagedenis. However, this conjugate has not been used successfully with Formalin-fixed tissues (10) , * Corresponding author. presumably because interference with the fixed tissues prevents the antibody from reaching the antigen. Enzyme digestion for staining antigen in Formalin-fixed sections has been described for other immunohistochemical applications (3, 9) , including T. pallidum (12, 20) . The trypsin digestion method supposedly unmasks immunoreactive sites of the antigen (9) , and as a result, brilliant staining is obtained. We examined the use of trypsin digestion in the specific identification of T. pallidum in tissues by both direct and indirect staining methods and compared these results with the staining results obtained after using the NH4OH pretreatment method.
MATERIALS AND METHODS Antigen and tissue preparation. Adult male New Zealand White rabbits were inoculated intratesticularly with 0.5 ml of either T. pallidum subsp. pallidum (Nichols strain) or T. pallidum subsp. pertenue (Gauthier strain) suspended in passage medium (1 part 0.85% NaCl and 1 part heatinactivated normal rabbit serum). Orchitis developed in 10 to 11 days in rabbits that were inoculated with T. pallidum subsp. pallidum and in 13 to 18 days in rabbits that were inoculated with T. pallidum subsp. pertenue. Infected testes were fixed in 10% neutral-buffered Formalin for at least 24 h at room temperature, dehydrated, cleared, and infiltrated with paraffin on an automatic tissue processor. To obtain skin lesion material, adult male New Zealand White rabbits were inoculated intradermally on the back with 0.1 ml of T. pallidum subsp. pallidum suspended in 50% normal rabbit serum. Twenty-six days later, infected skin lesions were excised and placed in 10% neutral-buffered Formalin and processed as described above. Borrelia burgdorferi-infected hamster kidney, bladder, and spleen were received from R. C. Johnson, University of Minnesota (Minneapolis). Leptospira-infected hamster kidneys (four serovars: canicola, grippotyphosa, icterohaemorragiae, and pomona) were received from the National Veterinary Service Laboratories, Animal and Plant Health Inspection Service, U.S. Department of Agriculture. Paraffin-embedded sections of Formalin-fixed human skin lesions from patients with diagnosed primary and secondary syphilis were examined; the patients were from First Hospital of Nippon Medical School, Tokyo, Japan, and the University of Virginia Medical Center, Charlottesville.
For smears, T. phagedenis Reiter and Treponema denticola MRB were grown in National Institutes of Health thioglycolate broth containing 10% normal rabbit serum that was heated to 60°C for 2 h. Cultures were harvested after 4 days of incubation at 37°C. The spirochetes were sedimented by centrifugation at 755 x g and washed three times in phosphate-buffered saline (PBS). B. burgdorferi organisms were grown at 33°C for 5 to 7 days in a modified BarbourStoener-Kelly (BSK) medium (1, 26) . Leptospira interrogans serovar pomona was grown at 28 to 30°C for 7 days (7) in polysorbate liquid medium-5 liquid (Armour Pharmaceuticals, Kankakee, Ill.). These spirochetes were sedimented by centrifugation at 12,000 x g and then washed three times in PBS. The fluorescent treponemal antibody-absorption test (28) antigen was used for the T. pallidum subsp. pallidum smears, whereas T. pallidum subsp. pertenue antigen was extracted from infected rabbit testicular tissue.
Slide preparation. Antigens for direct and indirect staining were placed on 12-well microscopic slides, air dried, and then fixed with reagent-grade acetone for 10 min. Formalinfixed paraffin blocks were cut approximately 3-km thick, floated on a 38°C water bath, and collected on aminoalkylsilane-coated microscope slides (22) . Sections were dried in a 60°C oven for 30 min, deparaffinized through two changes of Shandon Xylene Substitute (Shandon, Inc., Pittsburgh, Pa.) combined with xylene, and rehydrated in absolute ethanol-95% ethanol-80% ethanol and placed in a phosphate-buffered solution (pH 7.60) until they were ready to be stained.
Ammonium hydroxide pretreatment of tissue sections. Deparaffinized tissue sections on microscopic slides were flooded with 1% NH40H for 3 min and then rinsed in 3% polysorbate 80 (Tween 80) in PBS, followed by rinsing for 10 min in PBS (4, 10, 18 
RESULTS
When rabbit and human tissues were pretreated with trypsin or NH40H and stained with unabsorbed FITClabeled anti-T. pallidum globulin, T. pallidum stained brilliantly (3+ to 4+) from the lowest dilution (1:5) through a 1:80 dilution. Slight variations in staining intensities were observed when the antibody was examined quantitatively and the reader was blinded to the results. These variations were considered minor differences in visual interpretation since all treponemes stained well. In most tissue sections, there was a slight but unquantifiable increase in the intensity of T. pallidum staining when slides were pretreated with trypsin.
When tissues were stained with specific absorbed human anti-T. pallidum conjugate, the T. pallidum staining intensity was reduced from that obtained with the unabsorbed conjugate: staining could be observed only with rabbit tissues, and staining could be observed only at a low dilution (Table 1) . There was essentially no improvement of staining of rabbit tissue sections when slides were pretreated with trypsin and compared with NH40H-treated slides. Furthermore, the use of trypsin did not increase the permeability of human tissue to staining by the direct method. T. pallidum in rabbit skin tissue was observed at a 1:2 conjugate dilution on a trypsintreated slide, but the intensity was too weak for diagnostic use.
In contrast, specific staining of T. pallidum was demonstrated in rabbit and human tissue sections by an indirect IFA procedure when the reactive human serum absorbed with T. phagedenis by affinity chromatography and an FITC-labeled anti-human antibody were used. Staining intensity and antibody titer were only slightly improved when slides were pretreated with trypsin (Table 2 ) and, again, may have been only minor differences in visual interpretation.
The specificity of the indirect staining procedure was demonstrated quantitatively on antigen smears of homologous and heterologous spirochetes. As seen in Table 3 , only minor cross-reactive antibody was observed with T. phagedenis, T. denticola, and B. burgdorferi. Based on the results given in Tables 2 and 3 , a 1:8 or a 1:16 dilution of absorbed human serum was selected for further tissue evaluation.
The specificity of the selected dilution (1:16) in the indirect IFA procedure for tissue is shown in Table 4 . No difference in staining intensity between tissues infected with T. pallidum subsp. pallidum and T. pallidum subsp. pertenue was observed. B. burgdorferi and four Leptospira serovars in infected hamster tissues were not stained with indirect anti-T. pallidum serum but were detected with control homologous anti-B. burgdorferi or Leptospira serovar globulin.
DISCUSSION
With the reported increase in the incidence of syphilis, clinicians are more likely to encounter patients with syphilis. Usually, these patients are screened by a nontreponemal blood test for syphilis (28) plus a dark-field examination (28) or the Parker ink method (12) when facilities are available. (6, 16, 21) . Direct examination of lesions was required to establish a diagnosis of syphilis in one patient (8) .
Clinical manifestation of Lyme disease (caused by B. burgdorferi) usually differs from that of syphilis. However, Dekoning and Hoogkamp-Korstanje (5) reported that B. burgdorferi was located in the dermal papillae, in the edematous subepidermal zone, in lymph vessels, and among collagen fibers. This coincides with the location of T. pallidum in syphilitic skin lesions (12) . Thus, a rapid and careful identification of T. pallidum in smears and tissues is sometimes crucial to the correct diagnosis.
Direct IFA procedures with unabsorbed FITC-labeled anti-T. pallidum antibody stained T. pallidum in all tissue sections. Tissue slides pretreated with trypsin stained with only a slightly greater intensity than did slides pretreated with NH40H. The minor improvement in staining noted with unabsorbed conjugates on trypsin-treated tissue slides was insufficient to improve staining with specific FITClabeled anti-T. pallidum antibody absorbed with T. phagedenis. This suggested that trypsin digestion of tissues does not greatly increase antibody penetration. Findings obtained by both pretreatment methods were similar to the results reported earlier (10) , which indicated that the specific anti-T. pallidum conjugate for chancre smears stains T. pallidum in chancre smears well but is unsatisfactory for examining human tissues for T. pallidum. Our data suggest that the failure of the FITC-labeled anti-T. pallidum IgG absorbed with T. phagedenis to stain T. pallidum in tissues may be related to insufficiently high antibody titer because a 1:2 dilution of the absorbed conjugate did not stain T. pallidum in human tissue, while an unabsorbed conjugate stained T. pallidum through a 1:80 dilution. Also, T. pallidum staining in rabbit testicular tissues appeared to be enhanced compared with staining in rabbit and human skin tissues.
The most significant outcome of the study was our ability to obtain specific identification of T. pallidum in tissues by an indirect IFA procedure. Our fractionated absorbed serum was pathogen specific since it stained both T. pallidum subsp. pallidum and T. pallidum subsp. pertenue and not the other spirochetes that were tested. Current direct IFA methods which identify treponemes in tissues are still useful for screening tissues for the presence of spiral organisms and serve the same role in the diagnosis of syphilis as do the silver stains (27) . For a more specific diagnosis, we recommend that tissue sections positive for treponemes be further confirmed by either the indirect procedure we described here or with a specific monoclonal antibody, when it is available (12a) .
